This study describes 
Introduction
Music therapy is used with people of all ages who have a wide range of diseases and disabilities to exploit the beneficial physiological, psychological, and social functions of music. Music therapy is also used with children who have autism spectrum disorders (ASD) in clinical and educational settings.
In Japan, the implementation of the School Education Law in 2007 enhanced the provision of "special support education," or education targeted at serving students with special needs [1] . These students may have difficulties in social interaction, interpersonal skills, cognitive ability, language, and other areas. The need to provide individual support for these students has increased and its importance has gradually become more acknowledged in recent years.
Music therapy provides support tailored to each individual's age, developmental stage, and the characteristics of his/her disability; it thus has the potential to address various special needs effectively. Music can also be linked with modern forms of information and communication technology (ICT), which can be used to enhance the customized support provided to a particular student depending on his or her diagnosis or degree of disability [2] .
Typically, music therapy sessions involve activities such as performing with musical instruments, singing, moving to music, and performing ensembles to help each participant achieve specific goals related to his or her needs. The goals of music therapy are unique for each individual, and thus the activities and methods employed in music therapy sessions are linked to that individual's goals. Kinect in music therapy for children communication through music, which can facilitate self-expression and cognitive development, promote self-efficacy and confidence, and improve the appropriateness of sensory processing, motor coordination, and emotional release. The methods of utilizing music also vary and can include the use of previously composed music or improvisational music and sounds. With regard to the use of ICT in music therapy, Whithead-Pleaux et al. [4] , Magee et al. [5, 6] , and Hahna et al. [7] reported on its application in medical rehabilitation and cognitive rehabilitation with a wide range of populations and in numerous clinical areas. Krout [8] described the use of music applications with individuals who have ASD; children with this diagnosis frequently enjoy performing on the drums, piano, or other instruments. A tool for music performance that utilizes ICT could thus have great potential as a complement to traditional music therapy (see Figure 1) .
We have developed a new electronic musical instrument called Cyber Musical Instrument with Score (Cymis). Using Cymis, people who have not learned how to read a musical score can nevertheless "perform" music by making suitable movements, which are perceived by an interface and converted into sound. Even persons with neurological, motor, and cognitive impairments can enjoy playing music in this way; moreover, the system fosters learning as participants can improve their playing with practice, producing a familiar song in continuous, recognizable fashion rather than a fragmentary collection of notes.
In Japan, Cymis has been utilized by 16 organizations, including hospitals, special support schools, welfare facilities for disabled persons, and research organizations. The positive effects of using Cymis for rehabilitation purposes have been described [9] . The music therapy research laboratory at Mukogawa Women's University, which provides music therapy services for children with special needs, has also used Cymis.
What can we expect when we use this electronic musical instrument with children who have ASD? One reasonable answer is that Cymis should facilitate the integration of sensory and motor systems. Schneider et al. [10] reported that stroke patients improved their motor functions after playing electronic drums as a means of training in motor skills. This result suggests that playing percussion instruments with audio feedback positively impacts the brain's neurological system. Furthermore, we believe that playing electronic instruments could help children with ASD to develop their capacity for independent and active participation. Finding creative, motivating ways is necessary to facilitate the integration of visual and audio sensory, motor, and physical awareness within this population. According to Wilson [11] , embodied cognitive theory claims that cognitive processes are rooted in the body's interaction with the environment and that sensory and motor functions are crucial for successful interaction with the world.
Individuals with ASD tend to experience severe difficulty with executive functions, including motor control. A study reported that the development of motor control was delayed among individuals with ASD [12] . Piek et al. [13] found a strong correlation between problems in motor coordination and attention.
As for the relation between music and movement, Thaut [14] introduced a series of research-based techniques referred to as neurologic music therapy. According to this research, rhythmic drivers optimize the motor control of arm movement, and rhythmic auditory stimulation is effective in enabling proper walking; thus, music can play a valuable role in sensorimotor rehabilitation.
The Kinect game device, developed by Microsoft, is considered to be effective in promoting visual and motor integration. Research on educational and therapeutic applications of Kinect has been growing in recent years. For example, Garsotto et al. [15, 16] conducted an empirical study demonstrating the effective application of Kinect in addressing the attention skills of ASD children with low to moderate cognitive deficit, low to medium sensorimotor dysfunction, and difficulties in motor autonomy. Bartoli and Lassi [17] also used Kinect to address attention problems in children and adults with ASD. Boutiska [18] described the use of Kinect in both traditional and special classrooms with students who have mobility problems and specifically proposed the game's applicability to children with autism. Casa et al. [19] used Kinect as an augmented-reality system for children with ASD, aiming at facilitating self-awareness, body schema and postures, communication, and imitation. A music engine was used in the exercise performed in this study based on the fact that music therapy proved to be effective.
From the perspective of motor control, therefore, there are ample indications that Kinect has potential educational benefit for children with ASD.
When Cymis, as an instrument that offers audio feedback, is combined with Kinect's contributions to visual feedback and motor and physical awareness, it can be applied as a method of music therapy. In combination, Cymis and Kinect offer not only audio feedback in response to the individual's own movements but also visual feedback as the individual sees his or her own motions on a monitor. This immediate and accurate visual feedback using ICT was previously impossible due to technological reasons and thus did not exist in conventional music therapy.
This study describes the computer engineering perspective underlying the development of the Cymis and Kinect electronic musical instrument system as well as the development and testing of a novel music therapy method utilizing sensorimotor integration from a cognitive scientific perspective. Our initial research involved developing the system, ensuring that it could be appropriately used with children (including both typically developing children and those with ASD), and obtaining data for further empirical research and practical application for children with ASD.
Outline of Cymis
Although not all the functions of Cymis are used in this study, a brief description of this instrument is provided to indicate its capacities and the possibilities for further study and development.
The concept
Generally, to play a musical instrument, one must be able to read a musical score and employ proper techniques to manipulate the instrument to produce sounds that match the pitches, rhythms, and various other information indicated in the score. It is not an easy or instantaneous process. Considerable knowledge is required to understand a musical score, and acquiring the physical techniques necessary to perform a musical instrument involves extensive practice.
In contrast to these imposing obstacles, Cymis eliminates the technical barriers associated with playing a musical instrument. Its development was designed to achieve three conceptual goals, permitting anyone to (1) perform music easily, even a relatively advanced musical piece, (2) enjoy performing music, and (3) improve by practicing, thus experiencing the feeling of achievement in performance.
The structure of Cymis
In Cymis, preprogrammed music score information necessary for a musical performance is stored in a personal computer (PC). The instrument comprises a monitor display, a PC, a MIDI sound source, speakers, and several interfaces, including a touch panel, a switch, and an expiratory pressuresensing device (see Figures 2 and 3 ). Using these interfaces, people of any age and even individuals with neurological and motor impairments, such as those with cerebral palsy, can enjoy performing music. For instance, an individual who suffers from impairments that affect the feet and hands can perform through his or her breathing.
The touch panel is the main interface. The musical score of a selected piece is displayed on the touch panel's monitor. The performer plays the selected music by pointing to notes on the monitor. When the performer points to a note head displayed on the touch panel, the pitch associated with that note is sounded.
Figure 2. Structure of the Cymis system
The signal of the identified x-y coordinate is sent to the PC, where it is processed, and the sound production signals are then sent to the MIDI sound source, which emits the sound from the speakers. In this manner, a piece of music can be played. The process of understanding and reading a music score and the generation of sounds, which is necessary for a conventional musical instrumental performance, is replaced by Cymis.
In the currently developed Cymis and Kinect system, Kinect functions like a switch. Each time the switch is turned on, one beat of the piece is played. The score data, including not only the melody but also the accompaniment, and the tempo vary depending on the previous tempo performed. This means that the piece of music can be performed at an even tempo by repeating an operation smoothly. (Importantly, Kinect also permits the participant to "play" the music by making prescribed notions rather than by pointing to notes, as explained below.) Alternatively, the piece of music can be played not only one beat at a time but with several measures of music played each time the switch is turned on. The number of measures played as a result of a single action can be adjusted between two and eight. With regard to Cymis, each note is played by turning the switch on. The software program for processing signals from Kinect using this method has not yet been completely developed.
The importance of improvement when playing a musical instrument
The experience of "improvement" is an essential part of continuous enjoyment when one plays a musical instrument. Even an individual with severe physical impairment can enjoy playing Cymis by starting with a one-switch interface at first and then advancing to two switches or a touch panel, thus enjoying a more complicated piece of music and a more challenging performance. This process generates a positive cycle such that the more enjoyment the performer feels due to his or her improvement, the more he or she becomes motivated to keep practicing to improve further.
In this study utilizing Kinect, information on people's movement is used as a signal to control Cymis, so that the movements themselves become pivotal factors in the performance. Consequently, it is necessary to examine the appropriate extent of movement needed for an individual to play a piece of music and change the level of complexity and difficulty required as the individual's skill improves. 
The Cymis and Kinect system

Kinect's features
Kinect is a simplified motion capture device created by Microsoft for Xbox 360. It comprises an RGB camera, a depth sensor, and an array of four microphones. It recognizes the skeletons of objects without any physical restriction. The device used in this study can recognize the skeletons of not more than two persons and capture 20 points of location of the joints (using three-dimensional coordinates: X, Y, Z) for one person. The horizontal angle of view is 53 degrees, the vertical angle of view is 43 degrees, and the possible distance for acceptable measurement is between 0.8 and 4 meters.
The Cymis and Kinect device system
The Cymis and Kinect system is shown in Figure 3(a) . It comprises Kinect, a monitor, speakers, and a PC. The coordinate data obtained through Kinect are processed, and the specified motions are recognized by the PC. After this, the recognized motions are sent to Cymis as signals, and the image data obtained through Kinect are processed by the PC and displayed on the monitor. Figure 3(b) shows an example of a performance created by dancing. Figure 3 (c) shows how individuals with ASD can use the device safely. The structure of the device prevents individuals with ASD from touching the monitor, Kinect, or the speakers directly.
Development of a program for motion recognition
We applied the free software called FAAST to the program when it was recognizing one person as a target. For two persons as targets, we developed an original program called "High five." In this program, when the two participants' hands touch each other (more precisely, when the distance between the hands becomes less than approximately 15 cm), the signal of the character "Z" is the output. It is assumed that this program will be played by a child and an adult (perhaps the child's mother). There are four possible combinations of hands (since each player has two hands); for all four combinations, the program calculates the direct distance and judges whether it is less than 15 cm. Because individuals' posture can vary widely, the coordinate values of the hand could not always be measured accurately, and measurement errors of the order of several centimeters often occurred. We detected and examined these errors using a 3D position measurement device called OPTOTRACK. Due to these shortcomings of Kinect, we used a program that makes judgments whether the hands were "touching" based on the coordinate values of a hand and a wrist. Consequently, more reliable judgments have been obtained.
In the High-five program, an image video appears on the upper left side of the monitor, and the motion sensed by Kinect is shown on the lower left side of the monitor. The Cymis music score appears on the right side of the monitor (see Figure 4 ).
Application to Music Therapy
After we confirmed that a typical adult could play music using the Cymis and Kinect system in the laboratory level, we tested the device with typically developing children and those with ASD to see how it functioned and assessed its potential application for clinical or educational purposes. This study was approved by the ethical committee of Mukogawa Women's University, and informed consent regarding participation in the research project was obtained from the children's parents. All sessions were recorded by several video cameras for subsequent analysis. The sessions were conducted with the involvement of a music therapist, creating a relatively natural educational setting; verbal prompts and praise were used to guide and reinforce behavior.
Use of Cymis and Kinect (with FAAST) by typically developing children
We tested the device with typically developing children of different ages and heights. They performed "Twinkle, Twinkle, Little Star." A threeyear-old boy, 95 cm in height, moved his right arm up to his head and down to his thigh. The music was played on Cymis in response to his motion ( Figure  4a ). Also, a seven-year-old girl, 125 cm in height, performed music on the Cymis system by walking in place (Figure 4b ). The children naturally understood the correlation between their motion and the musical performance as cause and effect. 
Use of Cymis and Kinect (High five) by typically developing children
Cymis and Kinect (High five) was used with adult-child pairs. The four typically developing children who participated included a four-year-old boy, a six-year-old boy, a seven-year-old boy, and an eight-year-old girl. Music with which children are generally familiar, such as "Rudolph the Red-Nosed Reindeer" or a popular Japanese anime song, was selected.
Even the seven-and eight-year-old children needed some amount of practice with their adult partner to attain a performance level at which the resulting piece sounded like music and could be recognized as a familiar piece being performed.
Generally, the children recognized which skeleton reflected which player and were then able to retain that knowledge, since the two skeletons had different colors. They watched the display while giving a high five, but they did not seem to exhibit a special or intense interest in the video display of their own image.
The four-year-old boy thoroughly enjoyed giving a high five to an adult (his father) and commented, "Clapping was fun." He did not seem to recognize that he had played "music." The typically developing children exhibited enjoyment of the sounds created and the skeleton movement reflected by their own motion, continued playing while watching the monitor, and understood when they had played the music all the way to the finish. The children improved as they repeated playing with their adult partners.
Use of Cymis and Kinect (FAAST and High five) by children with ASD
The system was also used in sessions at the music therapy research laboratory of the Mukogawa Women's University School of Music. On average, 19 children, most of whom are enrolled in special support schools or classes, receive music therapy services there twice a month. Music therapists certified by the Japanese Music Therapy Association (JMTA) work with these children. As the university's program is JMTA-certified for educating prospective music therapists, the laboratory simultaneously functions as a clinical, educational, and research setting.
Two children whom the music therapists expected would obtain benefits from playing Cymis and Kinect were selected, and the system was used with each child. Child A, aged eight, was already diagnosed as having ASD; child B, aged six, was not yet formally diagnosed but had exhibited special cognitive-related needs common among children with ASD and was thus considered to be appropriate for this study.
High five was used with both children, and FAAST was used with one of them. The sessions lasted approximately 15 minutes.
The program settings were as follows. When the High-five program was used, one touch generated the sound of one note, whereas with the FAAST program, if a child moved his arms and legs or his whole body freely, two measures of the piece of music were played. If he adopted a posed position without moving, the music stopped.
Only High five was used with child A (see Figure 6 ). The song "Twinkle, Twinkle, Little Star," which was familiar to him, was played. The system was set up in such a way that the music would play if the child and a therapist gave high fives to each other.
Child A showed a strong interest in visual feedback from the image video and skeleton and stared at the monitor while standing close to it. At the beginning of the session, two adults (therapists) modeled the process for him, and after he watched them, one of the therapists touched his hand. The child gradually learned to initiate touching the therapist's hand, and thus they gave each other high fives by touching each other's hand. Through practice, they successfully performed "Twinkle, Twinkle, Little Star" as a whole piece of music. The child understood that he had played the music of "Twinkle, Twinkle, Little Star" based on comments by his mother, who observed the performance. Child B played both the FAAST and High-five programs. In the first session, he played Cymis and Kinect (High five) with his mother and father by clapping his hands together with each of them. The music selected by a therapist was a simple song with which the boy was familiar.
The child showed more interest in the images than in the music and sounds. He stared at his own image video and skeleton and enjoyed making various poses and motions in front of the system. It seemed difficult for him to make the specific motions required by High five to play in such a way that the sounds could be considered to be a coherent piece of music. In fact, even his parents did not recognize the song, as the mother indicated after the session because the notes were generated so fragmentarily.
In the second session, FAAST was used with the child alone, without his parents participating. The system was set such that if he made a gross motion with his arms and legs or moved his body freely forward or backward, two measures from "Twinkle, Twinkle, Little Star" were played.
The child remembered the first session in which he had seen his image video on the monitor and to see it again by saying, "Show me the mirror." This request suggests that he was strongly fascinated by the visual image. He moved around the system, back and forth, right to left, lying down on the floor, and making specific poses. Gradually, he noticed that if he made motions freely in a specific area in front of the system, sounds would be generated.
Further Application of Cymis and Kinect (High five)
This preliminary study showed that both children were strongly fascinated by the pictures of skeletons in the High-five program. We also found that when the children moved fast, the system could not fully detect the motions and errors could occur, thus reducing the consistency and immediacy of the feedback provided. Therefore, we further explored possible music therapy applications.
The current implementation of High five is limited to either walking in place, clapping, or touching hands. Therefore, in search of additional applications that would be aligned with children's needs and interests, the "Wizard of Oz method" was applied. This term was coined by Kelly in 1984 to describe a testing or interactive design methodology in which an experimenter, called the "wizard" in a laboratory setting, manipulates the interface [20] . For example, a person may give input to an interface and then recognizes the reactions as coming from the interface, whereas in actuality, the experimenter is using a keyboard to control the interface. This method offered us additional ways to develop and test the user interface.
In this study, a music therapist functioned as the wizard, manipulating the keyboard and giving commands to Cymis from an adjacent room while watching through a one-way mirror ( Figure 6 ). In this procedure, the wizard pressed a key to cause Cymis to make sounds when the child performed a specific motion.
We wanted to encourage the children to maintain a pose without moving to facilitate motor control and recognize that if they held a pose, music would be played. In addition, we set the goal of having the child perform and recognize a complete piece of music.
Based on these goals, we presented three new tasks to children A and B: (1) striking a victory pose with the arms, (2) stretching the arms straight to each side and then moving them straight above the head, and (3) in High five, touching the therapist's hands above the head, then moving apart, moving around, and touching each other's hands in various spots (near the floor, up in the air, etc.). For task 3, the time (in seconds) required to complete the task was evaluated by video review.
Figure 6. Playing Cymis and Kinect using the "Wizard of Oz" method
Child A participated in two sessions using the Wizard of Oz method. In task 1, he understood the rules easily and completed the task right away. In task 2, the child was to perform "Twinkle, Twinkle, Little Star" by moving his arms to his right and left, posing for two measures of the song, and then raising his arms straight up and posing there for two measures. If he repeated this sequence four times, the whole song, consisting of 14 measures including an introduction, was played. The boy performed this task successfully on his own after the therapist modeled it.
The child exhibited enjoying the achievement of performing the song and recognized that when he posed, the music played. By doing this repeatedly and hearing the music play, he could grasp the causeeffect relationship. Also, he learned to pose, stop, and then listen, which is important for both motor control and attention.
The third task required the child to perform the same song with a modified, moving set of high fives. Child A touched both of the therapist's hands and posed there for two measures. Once they separated, the music stopped, and it then began again when they touched hands in a different location.
At the second session, Child A repeated task 3 four times successfully without distraction, with the result that the time spent on the task each time remained relatively stable (Table 1) . At the beginning and the end of the song, he watched the monitor to see his own image and jumped up and down, expressing a feeling of enjoyment. He did not gaze at the monitor, however, while engaged in the moving high five. The child did need not much prompting or encouragement from the therapist but engaged willingly and independently in the performance. Child B participated in four sessions using this method. The songs "Twinkle, Twinkle, Little Star," "Froggy Song," and "Rudolph the Red-Nosed Reindeer" were used.
In task 1, "Twinkle, Twinkle" was used. The child was encouraged to strike a victory pose, which the therapist found to be one of his favorite poses. If he did so, two measures of music were performed.
At the second session, task 3, the modified, moving high five was introduced. Child B seemed to gradually become bored and lose interest. This may have been because of the repetition of the same song or because the song was a bit too long for his attention span. Therefore, at the third session the music was changed to "Froggy Song," which was a familiar, shorter song that he could complete easily. The boy successfully performed "Froggy Song."
At the fourth session, "Rudolph the Red-Nosed Reindeer" with modified, moving high five was used. At the beginning, Child B was distracted during the process of performing and needed the therapist's prompts and encouragements. He then engaged in moving high five while singing along with the therapist. He repeated this four times. The first time, he could not stay on task; the second time, the music was heard in fragments; finally, the fourth time, the music was performed very smoothly (Table 2) . At the end of the session, he correctly named the song title when asked by the therapist.
Child B, almost every time he made a high five with the therapist, looked at the monitor to see the image or skeletons. He also commented quite often about the colors of the skeleton, such as by saying, "I am red and you are green." 
Discussion of applications of Cymis and Kinect
We discovered that both typically developing children and those with ASD were generally interested in the visual feedback from the image video and skeleton. They recognized the music and showed awareness of the beginning of and any interruption in the music. It was important for the music to be familiar to the children using the system. We confirmed that the system could be safely used with children.
The two children with ASD were particularly interested in the image video and skeleton. This might be because individuals with ASD tend to be visually oriented. If this strong interest in visual feedback is exploited appropriately in teaching children with ASD, Cymis and Kinect might contribute to improving their body image or body recognition.
Child A understood the task when he was face to face with the therapist and they gave each other high fives; thus, he accomplished the task of performing a piece of music by collaborating with the therapist. His completion of this task might have been easier because he had recently been gaining interested in imitating other people's motions through motion songs and in playing musical instruments such as bells.
Child A was engaged in all three tasks in the second study (i.e., striking a victory pose, moving the arms to each side and above the head, and modified moving high five). At first, the therapist provided prompting and modeling, but quickly the child learned to perform more autonomously. This child, as long as his safety is ensured, could be taught to play the system on his own. From the perspective of musical performance and improvement, it would be beneficial for him to try to expand his repertoire to longer, more complicated songs (but still ones with which he is familiar). For child A, both visual and audio feedback seemed effective and he recognized the construction of the music and exhibited a sense of completion when the song ended.
Child B was weak in coordinated movements such as activity requiring fine motor skills, jumping, or throwing a ball. Cymis and Kinect could be used to facilitate his awareness of body parts and to improve attention and control, thus helping him to learn various movements. Child B's visual attention was quite strong, and he commented on the colors of the skeletons and watched them constantly while performing on the system. He needed frequent encouragement from the therapist and enjoyed interacting with the therapist.
Child B improved his performance in the course of his interaction with the system and the therapist. Especially in his fourth session of the second study, it became clear that the system could effectively facilitate his concentration, on-task behavior, and enjoyment.
With regard to how to introduce the system to children, it was most appropriate to facilitate their recognition of how the music should sound through slow rather than fast movement. This is because Kinect does not recognize motions if they are made too swiftly, with the result that Cymis cannot play the music appropriately. For the children with ASD who participated in this study, it was considered beneficial to establish the programs so that they could play Cymis and Kinect through making collaborative motions (such as motion imitation or motions in turn with another person), thus facilitating mutual communication skills.
With regard to the further application of the Wizard of Oz method, in which an experimenter manipulated Cymis instead of letting the input from Kinect function directly as the switch, several potential therapeutic and educational benefits were observed. The High-five program is limited to three motions, but the Wizard of Oz method permits use of a wider variety of motions depending on the child's situation, ability level, needs, and interests, while the attraction of the video images and skeletons retains interest.
Kinect can program the motions, but it is not feasible to change the motion program quickly when warranted by the process of interactions in an actual therapeutic or educational setting. The Wizard of Oz method permits more flexibility in changing or modifying the tasks on the spot, in response to the child's progress or interest. In this sense, the Wizard of Oz approach may be useful in FAAST applications as well as in High five.
In this empirical study, intervention by therapists was necessary. However, Cymis and Kinect can be used flexibly, either for interaction between an objective and the system or for three-way interaction involving an objective, the system, and the therapist, depending on the needs and goals of a particular music therapy session.
Cymis and Kinect as presented here enabled the performers to obtain both visual and audio feedback on their own motions. Visual feedback such as the image video and skeleton can provide an effective incentive or a form of engagement while the music and sounds offer effective audio feedback to facilitate awareness and cognition and provide cues for controlling motions. Establishing visual, audio, and motor tasks based on an appropriate assessment of the educational or therapeutic needs and characteristics of each child are necessary. With suitable individualization, the system could be applied effectively in future empirical studies or in actual therapeutic practice.
Conclusion
There are some limitations in our study, as our use of Cymis and Kinect remains in its early stages. This study primarily reports on the system's development, followed by preliminary, descriptive case studies involving two children who have ASD or similar symptoms. This study is significant, however, in several regards.
First, we have established the effectiveness of a novel system that permits people to perform musical pieces on Cymis as their motions are recognized by Kinect. As a preliminary study, we applied this system to four typically developing children, who generally enjoyed playing and receiving feedback from Cymis through both audio feedback and visual images. This feedback helped the children to understand cause and effect, and they improved in playing the music as they practiced.
Cymis and Kinect was also applied with two children who have ASD or similar cognitive deficits. It was found that children with ASD were more interested in visual feedback and showed awareness of the beginning of or any interruption in the music. They were thus also able to recognize cause and effect as well as to use the system safely.
As a result of these preliminary studies, we conclude that it is possible to gain both clinical and educational benefits using Cymis and Kinect with children who have ASD.
Future Perspectives
In this exploratory case study, we asked the participating children to complete several levels and types of tasks. We plan to include a wider range of tasks in the future.
In this study, one therapist and one child participated in each session. However, children A and B have been receiving music therapy together in their regular, traditional sessions separate from this study. We intend to attempt to use Cymis and Kinect with the two children as a pair, doing high fives and then moving high fives rather than pairing each child with a therapist. This experiment might enable us to further explore the system's potential not only to produce positive cognitive effects but also to facilitate constructive interaction between children.
As a next step, we hope to establish a series of motion tasks, from easy to more complex, that require executive functioning and the integration of visual, audio, and motor coordination. That is, we wish to identify visual, audio, and motor tasks based on an appropriate assessment of the individual child's clinical and educational needs, characteristics, learning level, and interests, thus making it possible to effectively apply the system in children with ASD in various settings, such as music therapy sessions, special support schools, or other educational environments.
From the perspective of further development of the program, it would also be desirable to utilize a greater variety of sounds, such as those made by animals or a mother's voice. Another possible innovation would be to substitute other characters that are popular with children for the images of skeletons using computer graphics. In addition, a wider monitor or screen and speakers that enable the child to feel more surrounded by the sound could enhance children's engagement and enjoyment.
